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Addendum 1

Attachment 1

“Human-Centered Automation” slideshow seen during CRM Initial training by the FO in 2008

(76 pages)
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The Agenda

» Nature of Automation
» Automation Policy

» Threat and Error Management
Threats — “What’s it doing now?”

Strategies to effectively manage automation

» Case study AA 965 “Cali”



To ERR Is Human
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Air Inter- Survival in the Sky




Air Inter- Survival in the Sky




Nature of Automation

Intended Expectations

» Reduced workload and fatigue
» Fewer errors
» Enhanced SA

» Increased efficiency

» Enhanced safety



Nature of Automation

Reality: Reports from

pilots who use it!

Workload Increased, Decreased, More mental
Errors More, Fewer, Harder to catch

SA Degraded, Enhanced

Efficiency Decreased, Increased

Safety Compromised, Enhanced

Automation is a different kind of tool



To get the intended benefits
and
avoid the "bad and the ugly”

laies @
MUTUAL COMMITITIMENT



What challenging environments do

crews encounter cmeraﬁﬂg\
automated aircraft? =




ar / High Terrain

Non - Rad

- EN\

.......
........
......
1L

Long Duty Periods and Fatigue

ETOPS /LRN
IAternationaI Ops

Area and Special Airport
Qualifications



Automation in Flight Operations
“The Third Crewmember”

FMS

Fast/accurate computations
Contingency planning
Enhances crew SA

Creates time for:
Planning /problem solving
Decision making
Monitoring - challenging -verification
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Compliment a Crew’s Strengths ‘
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How are you going;o know what ‘

has been entered In the Flight
Management Systemy{EMS)?




Control Display Unit (CDU)

Two Questions in Mind Prior to Executing Any Change:

~
e

Obtain confirmation
before EXECuting
any change

Doo0 e

1. What do | expect the
airplane to do now?

(THT)

£ @

2. How do | verify it? Verbalize

Verify

Monitor

e S ey .

Long term changes
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Mode Awareness Strategies

Autothrottle Pitch Roll  Autopilot- F/D

! ! 1 1
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Anticipating Automatic Mode Changes

> \r/]!\lﬁv PTH to VNAV SPD when energy state Is
g

» VNAV PTH to ALT HOLD during nonprecision
approach or STAR
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Automation Policy



LOSA

Data shows that...

“Crews that verbalized made fewer
errors.”



Automation Policy

Ganaral Automation Palicy

Filots shall be proficient in all capabilities of their aircralt peluding ihe
automated systems. Contimental Adrlines/Continental Micronesda policy is to
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iy the aircrafl using the highest level of automation, cessistonr with the
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FLIGHT
OFE

Filots should realize the more complex the situation, the higher the threat
lewel. As threals increase, automation usage when properly applied, will
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appropriate kevel of automation consistent swith a changing fight change(s) Bodh pilots should yepify the change(s) using the FAMA and
evmniment. moniter for expected airerafi performance.
Lewvals of Automation o When selecting the Autopilol andfor Ao theedile on or off, the PF
should verbalize the change. Both pilots should verify the change and
Highsest Autopilet § With LMAY, MWVAY & Flight Guidancs maomitor for expected aircrafl performance.
l T Threat And Error Management
Lenvest Hand Flown Without Flight Guidancs Ganeral
Threat & Error Management (TEM) 12 an essential part of our improved

Iere ane many variations between the highest and Towest levels of level of performance that will enable them to deal with the increased
automation. Select the level that optimizes situational awareness while challenges of maintaining a zafe operation. A {reaf i amything that
reducing pabot worklosd. Hand ying o maintain proficiency should only be imcreases the complexity of the operation and, if not managed properly, can
accomplished in low threal environmends. decrense safety margins, To effectively mamage threats, they must be
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Verbalization between crewmembers is extremely important for flight deck
situational awareness. Many threats and errors can be countered by effective
communication. Pilots shall “verbalize, verify and monitor” in the
following manner:

should verbalize the change(s). Both pilots should verify the change(s)
anmd monitor for expected aircrafl performanse.
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“Verbalize, Verify & Monitor”

» The background on the use of this term is from LOSA
1996 and LOSA 2000, where 1t was documented that
crews who verbalized made fewer errors.

» When one pilot verbalizes, the other pilot looks to verify
that what is being stated is, in fact, what is taking place
and Is correct.

» Both pilots must then monitor the aircraft for expected
performance.



The following safety reports are good examples
of the need for an effective Automation Policy to
Include the term

“verbalize, verify and monitor.”
(VVM)



"ATC issued pilot discretion descend to cross Gland at
and maintain 10,000'...at the same time the lead FA
called and wanted access to the flight deck for a cabin
write-up...(l) didn’t verbally state to the FO to take
control of the aircraft

...descending through FL280 I noticed that we were
very high and not going to make the crossing
restriction...we ended up crossing GLAND at
approximately 15,000’...the aircraft was in V-Nav Speed
versus Path descent

...earlier ATC modified our route to over SAT versus
direct GLAND and we had failed to verify that 10,000’
was still in the FMC for crossing GLAND.”



UAS

"ATC issued pildt discretion descend to cross.> z
and Taintain 10,000'...at the same time ¢he lead FA
called and wanted_3 0 the flight deck toracanin

write-up...(l)@idn’t verbally state Jo the FO to take

control of the airCre

...descending through FL280 I noticed that we were
very_ hi . 10 TTTaRe tre-etessl

Q0
...earlier ATC modified our route to over SAT versus

direct XYZ and we had failed ©_verify at 10,000’ was

still in the FMC for crossing XYZ.



VVM is not just an Automation Strategy

“We descended below 6000 during our Dover 3
arrival. The B autopilot was in use. During the In
Range Checklist, the F/O’s altimeter was set at 30.34
Instead of 29.34. Both pilots failed to catch the error
until the approach controller called for us to stop the

descent. The controller immediately re-cleared us to
5000 feet...”



Threat and Error Management

AUTOMATION
TI;IREA'I;S

\erbalize, VVerity, Monitor
ERRORS

Resist
— ~ _ > o ~

Resolve

CONSEQUENCE



General Automation Policy

Pilots shall be proficient in all capabilities of their
aircraft including the automated systems. Our
Airline’s policy is to fly the aircraft using the
highest level of automation, consistent with the
Pilots should realize the more complex the
situation, the higher the threat level. As threats
Increase, automation usage when properly
applied, will improve overall performance and
safety. Pilots are authorized to choose an
appropriate level of automation consistent with a
changing flight environment.




Levels of Automation:

Highest Autopilot/Autothrottle with LNAV, VNAV & flight
I guidance

Hand Flown without flight guidance

Lowest

There are many variations between the highest
and lowest levels of automation. Select the level
that optimizes situational awareness while
reducing pilot workload.

Hand flying to maintain proficiency should only be
accomplished in low threat environments.



Specific Automation Policy

When the autopilot is on, the PF will normally
manipulate the MCP and the CDU, and the PM wiill
verify. When the autopilot is off, the PF will call
for all changes to the MCP and the CDU. The PM
will make the input and the PF will verify. The
crew should brief and clearly understand their
respective duties.



Specific Automation Policy

'Verbalization between crewmembers is
‘extremely important for flight deck situational

rawareanece. Manv threate and errnre can he
e When the autopilot is on, the PF will normally

manipulate the MCP and the CDU, and the PM
will verify.

e When the autopilot is off, the PF will call for all
changes to the MCP and the CDU. The PM will
make the input and the PF will verify.

e The crew should brief and clearly understand
their respective duties.



Specific Automation Policy

(continued)

e Prior to executing any changes in the CDU, the
pilot making entries should verbalize the

e With any mode changes to the MCP, the PF
should verbalize the change(s). Both pilots

mlamasnldd viAaumifur laa AlamsamsAal A\ sratsacs Rlaa ERAA Aald

e When selecting the Autopilot and/or Auto
throttle on or off, the PF should verbalize the
change. Both pilots should verify the change
and monitor for expected aircraft performance.




Automation Confusion or Frustration ?

I'll give ya 42 levels
of automation!

Go up a level?
Na, go down a levell
RNP approaches?
hand fly?

"HIT ANY KEY TO CONTINUE”

Just pull your head out of your automation!




Guideline for Changing Levels

> If overloaded or confused ------ @@ D

» Some situations--------------------- Go Up?



“Survival In the Sky”

The Learning Chan




What's the autopilot doing now?
Its supposed to do that.
Why is it doing that?

| don’t know.
But it knows, doesn'tit?!!




Threat and Error Management

AUTOMATION
TI;IREA'I;S

Strategies

ERRORS

Resist

Resist

Hardware & Software that
exists before the human
enters

TN N
Resolve

Resolve

What the human brings to the
system

CONSEQUENCE



Critical Times
“Windows of Awareness”

What do you consider a critical phase of flight?

» Vertical phases of flight (especially
with 1000 feet of an altitude)

» Approaching waypoints
» Not established on a route of flight
» Below 10,000 feet
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Complacency

Distractions

High workload

“Heads down” at critical times
FMS “Dumb and dutiful”

Mode changes

Automation surprise

Display differences

Loss of basic airmanship skills




Threat » Complacency

» Assuming the automation is programmed
correctly

> Over reliance on the automation
» Failure to monitor / verify
> Failure to use charts

Strategies ?




nOver Reliance

Flight was cleared to descend via DOVER profile ..... . CA
was distracted doing the in range checklist. When he
discovered the flight was going to bust the 8000 ft
DOVER restriction. .... tried to correct it using
automated systems rather than manually correcting the
situation. CA was completing in range checklist and
contacting MX'with a write- up.

CA recommends better monitoring on his part and
emphasizing that when bogged down by the automation,

manually taking over can save the day
St

lrategies™
FO notes the errors as poor planning on the part of PF,

late descent after VNAV did not capture descent, poor
monitoring on the part of the CA.




Threat x Distractions

Monitoring Errors by Phase of Flight

(Data based on 170 ASRS reports)

76% of reported monitoring errors occurred in

some mode of vertical flight

Approach
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Holding Pattern

gte

Descent

Cruise Descent

Cruise

Climb

Takeoff N

Strateqg|

Taxi-out

0 10 20 30 40 50 60

Number of error
events



Threat m Distractions

Center cleared us to descend to FL230. Selected 23000
In the Altitude Select window and pushed VNAV. At this
time the FO was off the freq to contact ops. 1- 2 minutes
passed while CA was organizing his charts, when BOS
Center queried about the altitude. CA realized that VNAV
had not properly engaged

CA notes that he errcgfpai‘;[\englté)g)’perly verifying that the
VNAYV had engaged. He notes'that in the future, more
attention to detail when manipulating the auto flight
system to ensure that what the acrft is doing is what the
crew has intended.
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Threat m High Workload

Workload Management

‘Conventional

PREFLIGHT / DEPARTURE / CRUISE / APPROACH / LANDING / POSTFLIGHT
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PREFLIGHT / DEPARTURE / CRUISE / APPROACH / LANDING / POSTFLIGHT

Threat m High Workload
Workload Management

Automated vs. Conventional

Automated

Conventional
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Threatm Heads Down
(Out of the Loop)
at Critical Times

» FMC programming
» The paperwork shuffle

» Company In range and MX caII %.
» Getting the ATIS s \

> Arrival PA

» Workload Management (Late brief/checklist)

How do these Iinfluence the
monitoring process?

Strategies?




Threat f" FMS *“Dumb and Dutiful”

Accepts data as long as its in correct format
Cannot differentiate misspelled fixes
o --II-I! I(.EX. MSY vs. Mi{?]’ll-l-.l-. §

Verbalize — Verify - Monitor

Strategies?




™ FMS “Dumb and Dutiful”

Verbalize — Verify - Monitor

....the FO did some FMS entries as the CA was deviating around the
weather and maybe thought he would extend the center line to

FEAST and did not get the inbound course typed in and it created a
direct to FEAST

Strategies?

CA notes the errors as incorrect FMS course, not verifying before
arming the LNAV




Threat® Mode Changes
Mode Changing Errors

184 ASRS Reports 1990-1994

74% Vertical Nav 26% Lateral Nav

Data Base -

Crew Coordination 1

Programming Error -

Auto Sys Fail - S
Lack Understanding -
Mode Transition |
Unknown |-
0 20 40 60 80 100

Number of events



Threat ™ Automation Surprise
What is it doing?
What happened?
What is It going to do next?
How did we get this ------ up?

Strategies?

Verbalize - Verify - Monitor




f" Display Differences

Strategies?




Threat™

Loss of Basic Airmanship Skills

» Failure to backup automation descent
olanning

> Faillure to use en route / arrival charts

» Loss of chart knowledge or ability to locate
Information

Strategies

» Practice hand flying - practice in low threat environment

» Use 3to 1ruleto back up descent
» Use the enroute charts
» Routinely brief MEA’s, MSA, MOCA, etc.



Threat
Loss of Basic Airmanship Skills

Cleared the flight to 13000 ft and flight went to 13400 ft. While climbing from 8500 ft to
13000 ft, ATC gave the flight a vector change from 250 degs to 280 degs. During the
climbing turn, flight received a TCAS advisory of an acft at 100'clock and 1200 ft below. ATC
called shortly thereafter to advise the flight of traffic at 9 o'clock and 3 miles. While looking
for the traffic, the acft went from 13000 ft to 13400 ft. The altitude alert went off at 13300 ft
and flightcrew corrected immediately but not before climbing to 13400 ft. ATC asked the
flightcrew to call. Ops Manager stated the flight had "loss of separation" with another acft
due to the flight altitude of 13400 ft and 2.78 miles from another acft.

Strategies?

Ops Manager stated he filed a pilot deviation report. No autopilot was on at this time, which
CA believes would have prevented this incident.
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Fly-by Waypoint —
Requires the use of turn
anticipation to avoid
overshoot of the next
flight segment

Fly-over Waypoint -

Precludes any turn until
the waypoint is
overflown and is
followed by an intercept
maneuver of the next
flight segment.

OPOD



What Strategies would have
prevented this event?
Fly-by versus Fly-over Waypoints

What was the Threat?

“Departing runway 34R at SEA. Flying the
Mountain 5 departure. Required right turn to
heading 070 at 8.0 DME (from) SEA was built
Into LNAYV. Aircraft in LNAV turned at 7.5
DME. ATC assigned heading stating that
aircraft turned “a hair to early...”




Automation
Complacency

Distractions

High workload

“Heads down” at critical times
“Dumb and Dutiful”

Mode changes

Automation surprise

Display differences

Loss of basic airmanship skills

w & F AN e S &

=

Any of these can lead to a “CFIT” accident




Another
Threat That May Lead To CFIT

Complex instrument procedures}-
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Strategies to Prevent CFIT?

4% Enhance Situational Awareness

» Start briefing early during low
W 21F workload

> Review and use enroute/arrival
charts

> Brief MSA, MEA, MOCA, etc.

MONJAS SUR
$H114.8 QMS

- » Contingency planning — “What if?”

» Proper use raw data as a backup

“Mountain range offto '}~
left—check. MSA—check.
Minimums—check.”




_RNP R.NAV/ Constant Rate

>W|II Eliminate “dive anddrlv\e

3 approaches >
£ ,’ » ILS-Like guidance will replace
— el 18 different kinds of approaches

- = w=mxKey initiative in reducing fatal
= == accidents by 80% by 2007




RNP RNAV Approach

Strategies?

» Practicing RNAV approaches in “good
weather” low stress environment

» Using the QRH to setup and brief the
approach

» Watch for the
VNAYV unused / not selected during descent
Path unexecuted

Unable to engage VNAYV at lower altitude
Late checklist



Automation & Technology

Observable Skills to be Evaluated

» Plan and brief automation modes and configurations

» Establish guidelines for PF/PM duties for the operation
of automated systems

» Plan workload and allow sufficient time for
programming tasks

» Verbalize entries and changes to automated systems

» Maintain an awareness of the automation modes
selected by crew or initiated by FMS

» Change level of automated system (up or down) to
Increase situational awareness and avoid work overload.



FLIGHT SAFETY
| SPECIAL DOUBLE ISSUE |

Boeing 757 CFIT Accident at Cali,
Colombia, Becomes Focus of
Lessons Learned

“An Aviator’s Nightmare”
Unmanaged Threats

Unmanaged Automation
error

The Consequences - Tragic



Case Study: AA 965 “Cali”

December 20, 1995
2142 local time

» Experienced, “good” B757 crew

» Capt. had been there 13 times, FO'’s first
» Night with no significant weather (VMC)
» Non radar environment

» Late departure

» Long day

» FO is PF
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protection.
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Cali Video



CALI
COMPOSITE

by Bill Bulfer
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Selecting the ILSO1 from the SKCL TULUA

ARRIVALS page brought up the 117.7 ULQ
following:
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Technically, W3 should be flown from
LLQ to ROZO to CLO. This has an
MEA of 8000 fi to CLO with 3000 fito
lose in the course reversal.
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VOR DME Approach to Runway 19, Cali, Colombia, on Dec. 20, 1995

{Bogota, Colombia)
[212 kerv (132 miles)]

ROMEO
i Z?f_Rﬂ :

Approximate
Track of
Accident Aircraft

I : B Tt N 1
i S, ¢ kA :
S, Eree NGT
P TO SCALE

1155 CLO |

at 5000

o z 12.0 13.0 14.¢ 15.0 16.0
ALTITUDE (HAT) 3785 (632) 4089 (9367} 4392' (1239) 4696 (15437 5000' (18477)
CLO ULQ VOR

NDB
VOR D1 f) 7 D 1I6_ 0 DZI1 .0 ”
1 1 ‘2‘
[ 5000' _ ;g3-15000' -
{ (18477 | (18477)
1 |
:-\M |
awy 19 31 5_:_3' 1.6 5.0 1 250
[¢] 2.6

missen appRoacH: Climb on 193° bearing from PL NDB to CLO VOR and hold




These CDU displays were retrieved from a circuit card from one of
the Flight Management Computers. Data was retained in non-

volatile memory.

FIG A
These LEGS pages make up the last MODified route prior to impact,

\ P N\
MCO RTE 1 LEGS w ) | MOD ATE 1 LEGS 22 |
055 013* 2 NM
R 26871364 Flo1 170v S000
THEN 013° T HM
[ EEEEN) RWO1 130¢ 3200
- ~ ROUTE DISCONTMNUITY - - [OFE 4 NM
CLO 23715510 AQZO c e f 3RE0A
161* INM HOLD AT
CcLOG 707/ 5190 AQZO «« « { 8000
agye 2 KM
Clo1 150 5000 |
< ERASE HYE DATA = | < EAASE RYE DATA > |
'\__ _/ .'\__ __/)
FIG B

These PROGRESS pages make up the last MODified route prior to impact.

/r PAOGARESS z\ / PROGRESS 2»:4x
LAST ALT ATA FUEL HIWND WIND X IWIND
KILER FL370 0002 258
YO orG ETA XTr ESROR VIK ERACR
UL 12 0243z 14.7 A 0.0 N 27985 FT
NEXT TAS SAT
" 147 03002 144 A20KT -0
NOD FUEL USED
SKCL 301 03222 13.6 L1458 TOT 2886 R14.3
SELSFPD TO ED
240 03302 / 31EMM FUEL ATY
IRS (3} TOTALIZER CALCILATEDR
ULQ ANT.70 145 14.7
INSUFFICIENT FUEL
\. SN J




Top of Page 14

Middle Right Page 15

2134:59 ... Cleared to Cali VOR,
descend and maintain 15,000

e AA 965 is 52 miles from AP
*19 nm or approx. 3 min from ULQ

\ 4

TULUR
r 117.7 ULQ I

Distance Tulua
(ULQ) to Cali
32 nm

2136:31 ... wind is calm are you able
approach RW 19

Top right Page 17 "

O 14900

D2t (CF19) 1+ Il
At or above 5000 1 ?'3

[ROZOJ D16 (FF19)
274 R
NO3 35.8 Wo76 22.5

MA19

!

!
|
3
|
At or above 3900 ;
\
|
|
|
|

-
-,

Fr

MEA 8000
{low alt airway)

Aircraft is:

* 1 min (5-6 NM) North of ULQ
 Descending through 19,000
e 37 -39 NM from the AP

*2137:42 all right Roza one to one nine,
twenty one miles, ah five thousand feet
Capt enters “R” in FMC and executes
eAircraft starts turn to left

Identify the THREATS and ERRORS

How did the use of automation contribute to this
accident?

What automation strategies might have
prevented this accident?

CALI
;‘ 1155 CLO I




AA 965 - Cali

What threats did this crew encounter?

What errors contributed to this accident?

What role did automation play in this accident?

What strategies could be used to prevent a CFIT
encounter with automation or without?



Cali Video




V. V. .V V V V V

Shiaiegles
Fight complacency
Clearly defined roles PF / PM
Briefing and communication
Management workload
Utilize raw data
Limit being "heads down™ at critical times

Keep basic flight skills practiced



Threat and Error Management

AUTOMATION
THREATS
Y V

<K - - ——7
Verbalize, Verify, Monitor

ERRORS

Resist
— ~ _ g ~
Resolve

Resist

Hardware & Software that
exists before the human
enters

Resolve

What the human brings to the
system

CONSEQUENCE



I

YV YV VYV V

>

0‘\ Ce,, ’Q
lllllllllilllllll

Wil
Reduce workload and fatigue
Result in fewer errors
Enhance SA
Increase efficiency
Enhance safety

ﬂ-

It takes a commitment on your part



	Attachment 1  “Human-Centered Automation” slideshow seen during CRM Initial training by the FO in 2008

